Our results are for the "representative consumer" aggregated over all consumers. While credit-card interest-rate risk may be low for some consumers, the volatility of credit card interest rates for the representative consumer is high, as reflected by the high volatility of the Federal Reserve's data on credit card interest rates aggregated over consumers. 2 One method of introducing intertemporal non-separability is to assume habit formation. We explore that possibility.
To implement our theory, we introduce a pricing kernel, in accordance with the approach advocated by Barnett and Wu (2015) . We assume that the pricing kernel is a linear function of the rate of return on a well-diversified wealth portfolio. We find that the risk adjustment of the credit-card-services user cost to its certainty equivalence level can be measured by its beta. That beta depends upon the covariance between the interest rates on credit card services and on the wealth portfolio of the consumer, in a manner analogous to the standard CAPM adjustment. As a result, credit card services' risk premia depend on their market portfolio risk exposure, which is measured by the beta of the credit card interest rates.
We are currently conducting research on empirical implementation of the theory proposed in this paper. We believe that under intertemporal non-separability, we will be able to generate an accurate credit-card-augmented Divisia monetary index to explain the available empirical data.
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Introduction
The simple sum monetary aggregate are consistent with economic aggregation theory, However, the interest rate on credit card balances, when aggregated over credit card holders, is much more volatile than interest rates on monetary assets. As a result, the user cost of credit card transactions services is much more risky than the user cost of monetary assets.
While the need for risk adjustment of the user costs of monetary assets might be low in the Divisia monetary aggregates, the need for risk adjustment of the user cost of credit card transactions services cannot be ignored. This paper studies the risk adjustment of the user cost of credit card services under intertemporal non-separability. Barnett (1978 Barnett ( , 1980 first derived the user cost of monetary assets under perfect certainty. Barnett, Liu and Jensen (1997) and Barnett and Liu (2000) further introduced risk adjustment of the monetary-asset user cost in a consumption based, CCAPM, asset pricing model. extended the derivation to include credit card services under the assumption of intertemporal separability of tastes. Despite the high volatility of the interest rate on credit card holdings of the representative consumer, the risk adjustment is likely to be downward biased by the assumption of intertemporal separability. The CCAPM approach under intertemporal separability implies that the entire effect of financial risk on consumption is contemporaneous without any lags. As a result, CCAPM risk adjustments ignore two sources of correlation between investment risk and consumption life style.
(1) It overlooks the fact that current consumption of goods depends not only on current period investment risk, but also on future period expected investment risk. (2) In addition, CCAPM ignores the fact that current period investment risk not only affects current period consumption of goods but also future period consumption. Our extension weakens CCAPM by removing the first restriction, but not the second one, which remains a subject for possible future research. 
Consumer's Optimization Problem
In Under our assumptions, the benchmark asset is risk free pure capital, providing no services other than its rate of return as an investment. The benchmark asset is fully secured by its ownership. The interest rate on credit card transaction volumes, t e , is much higher than the benchmark asset rate, because t e is the interest rate on an unsecured liability, subject to substantial default and fraud risk. The value of t e that we are using is the explicit interest rate on credit card service, as in Barnett and Su (2017) . There also is implicit interest on credit card services, such as the annual service fees and increased price of goods commonly purchased with credit cards. Since we are using the Federal Reserve's average explicit interest rate series on credit cards, our measure of t e could be biased downward. The actual t e , including implicit interest, could be even higher.
We use assumptions similar to those in Barnett and Wu (2005) . The representative consumer has an intertemporally non-separable utility function. The value of t e is averaged over consumers who pay both explicit and implicit interest on credit card volumes and consumers who pay only implicit interest on credit card volumes. But in our initial applications, implicit interest will be assumed to be zero, since implicit interest is not included in the Federal Reserve's data.
The current period utility function, U , is defined over current and past consumption, a vector of current period monetary assets, and a vector of credit card transaction volumes.
The consumers' holdings of nonmonetary assets, including the benchmark asset, do not enter the utility function, since those pure capital assets are defined to produce no services other 4 The conventional benchmark rate can be acquired by risk adjusting any of the nonmonetary assets' rates of return. The same benchmark rate would result from risk adjusting any of the risky nonmonetary assets, since they differ only in their risk. For our purpose, any pure investment asset can be used as the benchmark asset after risk adjustment, since our theory accounts for the differences in risk among those nonfinancial assets. .
But it should be observed that there is a possible further extension that could produce even larger risk adjustments. If the current period utility function contained future consumption of goods, then current period asset risk could correlate with future planned consumption of consumer goods. Our current extension to intertemporal non-separability does not capture that possible source of increased risk adjustment, which could be a productive source of future research.
The fact that blockwise weak separability is a necessary condition for exact aggregation is well known in the perfect-certainty case. Barnett, Liu, and Jensen (1997) We assume that credit card transaction services are weakly separable from consumer goods. In the credit card industry, credit cards are defined to include only those cards that can be used widely to buy many kinds of goods and services and also provide a line of credit. 
The intertemporal utility function, V(m0, x0, m1, x1, m2, x2, ……), is assumed to be increasing and strictly concave in all of its arguments. This assumption implicitly constrains the properties of single period utility functions, U, as a function of lagged quantities.
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The decision also is subject to the transversality condition,
The consumer's subjective rate of time preference, β , is assumed to be constant. 7 The transversality condition rules out perpetual borrowing at the pure investment rates, t R .
Solving for the Euler equations (see appendix), we have (1 ) 0
From (2.10), we have
Substituting equation (2.11) back into (2.8), we have
while by substituting equation (2.11) into (2.9) , we have
Rearranging the above equations, we have
Hence the result in still holds, as a special case under intertemporally separable consumption.
For notational convenience, we sometimes convert the nominal rates of return to real gross rates of return, such that 
Similarly, we define the contemporaneous real user-cost price of the transaction services of credit card l to be the marginal rate of substitution between credit card l transaction volumes and consumption of goods, so that the contemporaneous risk-adjusted real user cost price of credit card l transaction volumes is defined such that 
which can also be written as Proof. Under our assumption of weak separability, current period utility is
By definitions (3.1) and (3.2), it then follows that ( / )
Taking the total differential of ( ) t t M M = m and using the above results, we obtain,
Because of the linear homogeneity of ( ) ( , )
, it follows that
Dividing (3.10) by (3.11), the proposition follows. ∎
The user-cost price aggregate,
(3.12)
In continuous time, the user-cost price dual can be tracked without error by the Divisia user cost price index 1 1 log log log
The result shows that the tracking ability of the Divisia aggregation index holds regardless of the form of the unknown utility function, U . The result in is a special case under intertemporal separability.
As a means of illustrating the nature of the risk adjustment and to acquire a more convenient expression for the user cost, Since the pricing kernel is the subjectively discounted marginal rate of substitution in consumption, it reflects the trade-off among monetary services, risk, and rate of return on different assets through the first-order conditions. If we use the approximation that characterizes conventional CAPM, the pricing kernel becomes a linear function of the interest rates.
The Euler equations can be written as 
We are assuming that the sole source of differences among rates of return on different benchmark assets, j, is differences in risk. Since our results are risk adjusted, our results are not dependent upon the choice of the benchmark asset, and hence the subscript j does not appear in the results.
The perfect certainty case
To observe the intuition associated with the above proposition, assume that one of the non-monetary assets is the "benchmark asset," defined to be risk-free with gross real interest rate of f t r at time t . As shown by Barnett (1978) Barnett, Liu, and Jensen (1997) show that consumption risk adjustments for the user costs of monetary assets are small in most cases under the standard utility function with moderate risk aversion. We anticipate that the same problem would arise with risk adjustment of credit card services user costs, despite their higher risk than monetary assets. The reason is that such consumption based intertemporally separable risk adjustments to common stock returns, including high risk common stocks, have been shown to be small in the literature on the "equity premium puzzle."
With more general, intertemporally nonseparable utility functions, we can use the theory in this paper to extend the existing empirical studies on the user costs of risky monetary assets and credit card services, and thereby on the induced risk adjusted Divisia monetary quantity and user cost aggregates.
Simple sum aggregation special case
In the general case, the simple summation of the monetary asset components can be written tautologically as the following identity, , 1 , 1
This decomposition of the simple sum can be interpreted as follows. 
The simple sum index is a special case of the generalized Divisia index. As the financial innovation and deregulation of financial intermediation have progressed, the assumption that all monetary assets yield zero interest rates has become increasingly unrealistic. 
Intertemporally separable special case
In this section, we show that the result in is a special cases of our result, by demonstrating that the Barnett and Su (2016) 
Now define the risk neutral monetary asset user cost to be 
When consumption is intertemporal separable, the price kernel is
which we can substitute back into the equation (3.44) to acquire the following
Rearranging the equation, we have
Further rearranging the equation, we have
But recalling that, , 1
we have , 1
, 1 (
while substituting equation (3.50) back into equation (3.42), we have
where the first term on the right side of the equation represents the risk neutral user cost of the monetary asset, and the rest is the risk adjustment.
Similarly, we can derive the intertemporally separable credit card user cost from the general form of credit card user cost, which is 
When consumption is intertemporally separable, we can substitute the price kernel
back into equation (3.52) to acquire , 1 , 1
, 1 
(3.55)
Letting the risk neutral user cost of credit card volumes be , 1 
which is the same as those in .
Approximation to the risk adjustment
Consumption-based asset pricing models, CCAPM, require explicit assumptions about investors' utility functions. An alternative approach, CAPM, which is commonly used in finance, is to approximate 1 t Q + by a simple function of observable macroeconomic factors that are believed to be closely related to investor's marginal utility growth. Sharpe (1964) and Lintner (1965) Proof. Equation (3.64) follows from Barnett and Wu (2005) . reason for the minus sign is similar to the reason for the minus signs before the own rates of return within monetary asset user costs: the intent in the finance literature is to measure a "price", not a rate of return. With the minus sign in front of bt , and with bt positive, we can interpret bt in equations (3.69), (3.70) and (3.71) as a "price" of risk. Then bt measures the amount of risk premium added to the left-hand side per unit of covariance in equation (3.70) and (3.71), or variance in equation (3.69). Also recall that the pricing kernel itself, as a subjectively discounted marginal rate of substitution, should be positive. The signs of at and bt must both be positive, and at must be sufficiently large, so that the pricing kernel is positive for all observed values of rA,t+1.
Proposition 4 is very similar to the standard CAPM formula for asset returns. In CAPM theory, the expected excess rate of return on an individual asset is determined by its covariance with the excess rate of return on market portfolio, , 1 r r r r r r
The result from Proposition 4 implies that credit card transaction volume l's risk premium depends upon its market portfolio risk exposure, which is measured by the beta of this exposure. The larger the beta, through risk exposure to the wealth portfolio, the larger the risk adjustment. Credit card user costs will be adjusted upwards for those credit card transactions whose rates of return are positively correlated with the interest rate on the market portfolio, and conversely for those credit card transactions whose rates of return are negatively correlated with the asset portfolio.
While CCAPM adjusts for risk relative to its correlation with only current period consumption of goods, our CAPM result adjusts for risk relative its correlation with asset portfolio wealth value. Compared to our CAPM adjustment, the CCAPM adjustment is "myopic."
Empirical Study
We are currently working on implementing this paper's theory for a future empirical paper. The data source for credit card services are documented in Barnett and Su (2017) . An extension of the current paper could be to introduce heterogeneous agents. This extension would disaggregate the consumers who fully repay their credit card transaction volumes each period from those consumers with rotating balances.
Conclusion
Simple sum monetary aggregates treat monetary assets as perfect substitutes. That assumption has not been justifiable since monetary assets began paying interest. Barnett (1978 Barnett ( , 1980 showed that the Divisia monetary quantity index, with user cost prices, is directly derivable from aggregation theory in the absence of uncertainty. Barnett, Liu, and Jensen. (1997) extended to include risk under intertemporal separability in accordance with CCAPM conventions. first included credit cards transaction services into monetary aggregates. They further extend it to the case of uncertain returns and risk aversion using CCAPM assumptions. Despite the fact that credit card interest rates are high and volatile, the CCAPM risk adjustment could be small, for the same reason causing the equity premium puzzle in the asset pricing literature. Extension to include intertemporal nonseparability could resolve this problem. Barnett and Wu (2004) developed the user cost of monetary assets under intertemporal non-separability, but without inclusion of credit card transactions services. This paper extends to the inclusion of credit card transactions services under intertemporally non-separable utility and risk aversion.
The risk adjustment of monetary asset user costs to their certainty equivalent user costs can be measured by the adjustment's beta, which depends on the covariance between the consumer's wealth portfolio and the rate of return on the monetary asset. Similarly, for any credit card service, the risk adjustment of its user cost to its certainty equivalent user cost can be measured by the adjustment's beta, which depends on the covariance between the consumer's wealth portfolio and the interest rate on credit card transactions. This is analogous to the standard Capital Asset Pricing Model (CAPM) and is more likely to capture the effects of risk on consumer behaviour than the covariance only with current period consumption of goods, as in CCAPM.
should not again be in the utility function of the current period. 
